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SYSTEM AND METHOD FOR FINDING 
SHORTEST PATHS BETWEEN NODES 

INCLUDED IN A NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2006-134639, ?led May 15, 2006, the entire contents of 
Which are incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to speeding up ?nds 
shortest paths on a netWork. 

BACKGROUND 

[0003] The explosive development and expansion of the 
Internet has led to computer netWorks becoming used fre 
quently in both Work and everyday life. On a computer 
network, a routing table is generated based on information 
exchanged using a routing protocol and packets are trans 
mitted in accordance With the routing table. With OSPF 
(Open Shortest Path First) that is a typical routing protocol, 
a routing table is generated using an algorithm called 
Dijkstra’s algorithm for ?nding shortest paths. 
[0004] A speci?c example of Dijkstra’s algorithm Will 
noW be described With reference to FIGS. 1A to 1D. Dijk 
stra’s algorithm is an algorithm for ?nding shortest paths 
from a starting node to all other nodes. Each node has tWo 
pieces of information, that is, the immediately preceding 
node and distance. In FIGS. 1A to ID, a, b, c, and d are 
nodes and the values given betWeen nodes represent link 
costs. First, the distance Da of the starting node a is set at 
Zero, and the distances Db to Dd of the other nodes are set 
at in?nite. Next, the other nodes adjacent to node a are 
investigated in order, and values produced by adding the link 
costs from node a to the distance Da (Which equals Zero) of 
node a are set as provisional distances (see FIG. 1A). 
[0005] Next, the path to node c, Which has the shortest 
distance out of all of the nodes that have been appended With 
provisional distances, is decided. At this point, node d is set 
as a provisional path When advancing via node c and the 
provisional distance of node d is determined (see FIG. 1B). 
[0006] At this stage, the distance Db of node b is four and 
the distance Dd of node d is six. For this reason, the path to 
node b is decided next. At this point, the provisional distance 
of node d When passing node b is determined (see FIG. 1C). 
[0007] The shortest distance Dd of node d is updated to six 
When node c is passed, thereby determining the shortest path 
to node d (see FIG. 1D). In this Way, if a neW path is found 
by determining the shortest distance of a node, the distance 
is updated to the shortest value. That is, When a neW path is 
shorter than an existing path, the distance to the node is 
updated. In this Way, the distance of each node is updated as 
necessary, thereby setting the shortest out of the provisional 
distances as the shortest path of a node. 
[0008] A method of determining the shortest distance 
using Dijkstra’s algorithm on a netWork having n nodes is 
normally carried out as folloWs. First, a link graph G:(V,E) 
for nodes 1 to n and links (i,j) With link costs cy- is generated 
and the shortest paths from node 1 to nodes 2 to n are 
determined. In Dijkstra’s algorithm, each node has informa 
tion of a temporary distances tDj and a determined distance 
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Di (Where iIl to n) and the shortest out of the temporary 
distances of nodes is set as the shortest path. The algorithm 
is carried out as folloWs. 

Step 1 

[0009] For the starting node 1, the determined distance 
D1:0. The temporary distance is set at tDjIcZ-J- (:in?nity 
When there is no (1, I) link in the link graph G) for each node 
j (Where j:2 to n). The group of nodes for Which the shortest 
path has been determined is set as N. At this point, N:“l”. 

Step 2 

[0010] In the group tN of nodes for Which the shortest 
distances are yet to be determined, k, Which is the shortest 
among the temporary distances tDk, is found and Dk is set 
equal to tDk. When there is a plurality of shortest temporary 
distances tDk, the loWest-numbered node k is taken and the 
node k is added to the group N. If group NIV (i.e., if tN:0), 
D2 to Dn are outputted, thereby completing the process. If 
not, the process proceeds to step 3. 

Step 3 

[0011] tDj :min(tDj,Dk+c;g.) is set for every node j remain 
ing in the group tN. After this, the process returns to step 2. 
[0012] The routing of packets on an IP netWork is carried 
out by the routers passed by such packets referring to routing 
tables stored Within the routers. NHRs (Next Hop Router) 
With destination netWork addresses are recorded in the 
routing table and packets are transferred to the NHR that 
corresponds to the netWork address selected using longest 
match principle With the destination address of the packets. 
By having each router repeat the operations described above, 
the packets are transferred to their destination. 
[0013] A routing table is generated based on the results of 
calculating the shortest paths. This means that if netWorks 
increase in scale as the Internet continues to expand, there is 
an increase in the load of the process that ?nds shortest 
paths, Which can become a bottleneck. As the number of 
mobile terminals increases, it becomes necessary to update 
routing tables more often. Also, as ubiquitous computing 
spreads, it is believed that all kinds of products and/or goods 
Will be assigned IP addresses using RFID (Radio Frequency 
Identi?cation) tags and the like. When IP addresses are 
assigned to all kinds of objects, a huge number of IP 
addresses become necessary, and the number of addresses 
available for the currently used IPv4 protocol that has a 
32-bit address space is insu?icient. For this reason, to solve 
the problem of insu?icient addresses, IPv6 With an address 
space expanded to 128 bits has been proposed. Accordingly, 
a routing method suited to netWorks including a huge 
number of appliances With IP addresses is required. 
[0014] For optical netWorks, there have been proposals in 
recent years to calculate the link costs of links based not only 
on the speed of the links but also on a plurality of factors, 
such as the probability of successfully carrying out Wave 
length reservation. Since link costs ?uctuate due to factors 
such as the number of users using the links and the types of 
data that pass the links, the routing table should preferably 
be updated to re?ect the ?uctuations in such factors. Accord 
ingly, the load of calculating paths is likely to increase 
further. 
[0015] Japanese Laid-Open Patent Publication No. 2004 
32569 proposes having dedicated apparatuses for carrying 
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out the process that calculates the shortest paths provided 
separately to routers. This method uses a larger amount of 
hardware but reduces the load of routers in calculating paths. 
However, there is no decrease in the load of calculating itself 
for obtaining paths for routing purposes. 
[0016] Dijkstra’s algorithm is a simple algorithm and is 
presently in widespread use since it is suited to the process 
ing of a sequential processor like program counter based 
CPU. There is a problem however in that the number of 
calculations with Dijkstra’s algorithm for a number n of 
nodes is O(n2), which means there is a large increase in the 
calculation load as the number of nodes increases. 
[0017] Japanese Laid-Open Patent Publication No. 2001 
308912 discloses the calculation of paths on a hierarchical 
QOSPF network. Routing information for within an area 
including a backbone and the like is provided from an area 
boundary router as compressed routing information. How 
ever, even if the areas that can be passed on the way to a 
destination node can be understood from such compressed 
routing information, in some conditions, such as when a 
plurality of routes are present within any of such areas, to 
calculate the shortest path, it will be necessary to carry out 
recalculation for all of the nodes inside such areas. If the 
network were converted into hierarchical networks (layered) 
and paths to be used for routing were then calculated, it 
would become possible to use distributed processing, which 
may be one method of reducing the load of calculating paths. 
However, to calculate the shortest paths between all points 
using Dijkstra’s algorithm, the required number of calcula 
tions is further multiplied by n, resulting in a calculation 
load of O(n3). Accordingly, it is not possible to reduce the 
load of the calculation carried out for routing. 

SUMMARY 

[0018] A ?rst aspect of the present invention is a system (a 
“?rst system”) for searching for, using a network matrix, 
shortest paths from a starting node to other nodes. The 
starting node and the other nodes are included in a network 
that has a plurality of nodes. The network matrix includes 
link costs of links (direct connections). Each link has a root 
end that is a node included in the network and a tail end that 
is another node connected to the root end node. 
[0019] The ?rst system includes a processor for con?gur 
ing a plurality of circuits in the processor, the plurality of 
circuits including circuits for: 
[0020] subtracting a ?rst value from link costs of subject 
links for a search that are included in the network matrix; 
[0021] setting a tail end node of a link out of the subject 
links whose link cost has become Zero due to the subtracting 
as a reached node; 

[0022] changing link costs of links included in the network 
matrix whose tail end nodes are the reached node to a value 
indicating exclusion from further search; and 
[0023] setting values after the subtracting of link costs of 
the subject links whose link costs do not become Zero due to 
the subtracting as link costs of links for a continued search. 

[0024] The ?rst system also includes: 
[0025] means for initially inputting, into the processor, 
link costs of links included in the network matrix and whose 
root end nodes are the starting node as the link costs of the 
subject links; and 
[0026] means for reinputting, into the processor, the link 
costs of the links for the continued search and link costs of 
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links, whose root end nodes are the reached node, included 
in the network matrix as the link costs of the subject links. 

[0027] The means for initially inputting and the means for 
reinputting may be realiZed by circuits included or not 
included in the processor, or may be realiZed by software 
worked on a processor of program counter base. 

[0028] The ?rst system ?nds a node at the smallest dis 
tance by a simple parallel calculation, i.e., subtraction. 
Accordingly, it is possible to reduce the processing time by 
using a processor including a large number of parallel 
processing elements. The plurality of circuits con?gured in 
the processor should preferably include a circuit for ?nding 
a lowest value among the link costs of the subject links 
under the search as the ?rst value. The ?rst value may 
alternatively be a lowest unit for expressing the link costs 
included in the network matrix. 

[0029] The ?rst system should preferably also include a 
?rst function for obtaining the shortest paths from the 
starting node to the other nodes by repeating the reinputting 
into the processor (the circuits con?gured in the processor) 
until every other node that can be reached from the starting 
node has been set as a reached node. When the circuit 
con?gured on the processor includes a circuit for ?nding a 
lowest value out of the link costs of the subject links as the 
?rst value, the ?rst function can obtain the shortest paths by 
repeating the reinputting into the processor a number of 
times equal to the number of other nodes for the starting 
node that are included in the network. 

[0030] The ?rst function may include repeating the initial 
inputting into the processor (the circuits con?gured on the 
processor) with all of the nodes included in the network as 
the starting node to obtain shortest paths that arrive the other 
nodes from every node included in the network. 

[0031] Another aspect of the present invention is a system 
(a “second system”) for ?nding lowest costs from the 
starting node to the other nodes included in the network. The 
second system includes the ?rst system equipped with the 
?rst function described above and a second function for 
obtaining lowest costs from the starting node to the other 
nodes by calculating using shortest paths obtained by the 
?rst function and the link costs included in the network 
matrix. 

[0032] The second function may further includes obtain 
ing shortest paths that have all of the nodes included in the 
network as the starting node and obtaining lowest costs from 
every node to other nodes that are included in the network. 
By obtaining the lowest cost from each node included in one 
network to each other node, it is possible to extract the 
lowest cost from nodes (boundary nodes) that make links of 
connections to other networks to the other node in the 
network. By using the extracted costs, it is possible to reduce 
(compress) the information on the paths that pass through 
the networks. Accordingly, by obtaining the lowest costs, it 
is possible to generate a higher-level network matrix that is 
a collection of boundary nodes. 

[0033] Further one of aspects of the present invention is a 
system (a “third system”) including: the second system that 
is equipped with the second function described above; and 
a third function for obtaining a shortest path from a source 
node to a destination node, the source node and the desti 
nation node being included in a subject network to be 
analyZed that has n nodes. In the third system, the plurality 
of circuits con?gured on the processor are capable of 




























